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Abstract 
The TiVCrZrTaN thin film was prepared on Si substrate at 300  by reactive RF magnetron sputtering deposition. к
Effects of applied dc bias (from 0 V to 120 V) on the microstructure, residual stress, and hardness properties of 
TiVCrZrTaN films were investigated by field emission scanning electron microscopy, X-ray diffraction, Fizeau 
interferometer and nanoindentation system. The columnar structures are observed by field emission scanning electron 
microscopy. X-ray diffraction analysis reveals that TiVCrZrTaN films were polycrystalline and have preferred 
orientation along (111) when applied dc bias was below 100 V. The preferred orientation is changed from (111) to 
(200) as applied dc bias was 100V. The residual stress of all films was compressive stress. The average grain size and 
hardness of the films were investigated as a function of applied dc bias. The minimum average grain size and 
maximum hardness of TiVCrZrTaN film with applied dc bias 100 V were 6.1 nm and 30.9 GPa, respectively. In this 
work, the presented results illustrate that the optimum properties of TiVCrZrTaN films can be obtained at applied dc 
bias in the range of 50V to 120 V. 
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1. Introduction 
Conventional alloys are based on use one or two principal elements or compound to serve as matrix, 
minor elements added in order to improve their properties. Recently, Yen et al. proposed high-entropy 
alloy systems (HEASs) containing multiple elements in equimolar or near-equimolar ratios [1-2]. These 
HEASs contain selected five or even more selected elements at levels of 5-35 at. % and form solid-
solution structures. HEASs have many excellent properties such as high strength, resistance to wear, 
thermal stability and oxidation resistance at high temperatures [3-5]. The selected elements of HEASs are 
mostly transition metals. Normally, the mechanical properties of nitride or oxide coating are better than 
original metals or alloys. It is a promising candidate (nitride or oxide of HEASs) for industrial 
applications.  
Compared to many preparation methods, the sputtering method has speedy and easily controlling film 
composition, grain size, preferred orientation and hardness of the film [6] by various deposition 
conditions such as substrate temperature, dc bias, working pressure and gas ratios, so it is widely used in 
commercial productions. Thus it gives an opportunity to investigate and improve the properties of nitride 
or oxide of HEASs by reactive magnetron sputtering. 
Therefore, in this study, we investigated the microstructure, residual stress, and hardness properties of 
TiVCrZrTaN films by reactive RF magnetron sputtering at various applied dc biases. 
2. Experimental Details 
TiVCrZrTaN films deposited on (100) Si wafer substrates at 300 к using TiVCrZrTa target by RF 
magnetron reactive sputtering deposition. The target was made by re-melted in argon atmosphere in an 
arc furnace with suitable amounts of pure elements (99.99 %). The each pure element has an atomic 
percentage no more than 35 %. The substrate-to-target distance is about 7 cm. The TiVCrZrTaN film was 
reactively sputtered in a mixture of pure argon (99.999 %) and nitrogen (99.999 %) with a nitrogen partial 
pressure of 10 %. The background and working pressures were 5 X 10-7 and 5 X 10-3 Torr, respectively. 
The target was been pre-sputtered for 10 minute to remove all gases absorbed on the target. 
The crystal information and microstructures of the films were examined by x-ray diffraction (XRD, 
Simens D5000) with Cu KD (Ȝ=1.5418 Å) radiation, and by field emission scanning electron microscopy 
(FE-SEM, Hitachi S-4300). The compositions of films were measured with energy dispersive X-ray 
spectroscopy (EDX). Root mean square roughness (Ra) of the films was measured by atomic force 
microscopy (AFM, Digital Instruments 3100) in non-contact mode. The hardness measurements were 
obtained by nanoindentation system using a Berkovich diamond indenter at a load of 3000 μN. The 
residual stress was measured by Fizeau interferometer. 
3. Results and Discussion 
Figure 1 shows the cross-sectional SEM image of TiVCrZrTaN film with applied dc bias 100 V. The 
TiVCrZrTaN film is a typical columnar structure as shows in Fig.1. Figure 2 shows X-ray diffraction 
patterns of TiVCrZrTaN films deposited on silicon substrate with various applied dc biases. The XRD 
patterns of TiVCrZrTaN film showed peaks of TiVCrZrTaN (111) and TiVCrZrTaN (200). X-ray 
diffraction analysis reveals that TiVCrZrTaN films were polycrystalline and have preferred orientation 
along (111) when applied dc bias was below 100 V. The preferred orientation is changed from (111) to 
(200) as applied dc bias was 100 V. 
Figure 3 shows the average grain size of TiVCrZrTaN films produced by reactive RF magnetron 
sputtering with various applied dc biases. The average grain size of the TiVCrZrTaN films was 
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determined by Scherrer’s equation [7], d = 0.9O / B cosTB, where O is the x-ray wavelength of 1.54 Å, TB 
is the Bragg diffraction angle and B is the value of the full-width at half-maximum (FWHM) value. For 
the TiVCrZrTanN film without applied dc bias, the average grain size was 11.6 nm whereas, that of 
TiVCrZrTanN film with 120 V was 7.8 nm. The minimum average grain size of the TiVCrZrTaN film is 
6.1 nm when the applied dc bias is 100V. This implies that the optimum grain size of the films was 
obtained by controlling the applied dc bias [8].  
 
 
Figure 1. Cross-sectional SEM image of TiVCrZrTaN film with applied dc bias 100 V. 
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Figure 2. X-ray diffraction patterns of TiVCrZrTaN films deposited on silicon substrate with various applied dc biases. 
Si substrate
TiVCrZrTaN film
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Figure 3. The grain size of TiVCrZrTaN films produced by reactive RF magnetron sputtering with various applied dc biases. 
Figure 4 plots the variation of roughness (Ra) with applied dc bias of TiVCrZrTaN film. The Ra value 
decreases from 1.9 nm to 0.5 nm with increasing the applied dc bias. In the magnetron sputtering process, 
the even more ions impinge the substrate which led to the increase a large number of defects in the 
growing film and causes the deposited film was dense as dc bias was applied [8]. From the AFM data, the 
Ra value of the TiVCrZrTaN films with applied dc bias was less than 0.75 nm.  
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Figure 4. Variation of roughness (Ra) with applied dc bias of TiVCrZrTaN film. 
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Figure 5 plots the relationship between hardness and the applied dc bias of the TiVCrZrTaN film. The 
hardness increases from 26 GPa to 30.9 GPa as applied dc bias increases from 0 V to 100V. The hardness 
gradually decreases as applied dc bias is over 100 V. Figure 6 plots the variation of residual stress with 
applied dc bias of the TiVCrZrTaN film. The residual stress of all films was compressive stress. The 
maximum residual stress is 2.4 GPa as applied dc bias is 100 V. These results obviously indicate that 
grain size decreased, hardness increased and residual stress became more compressive when the applied 
dc bias was increased. Explanation for these results that applied dc bias may not only increase the 
numbers of impinging ions to substrate, but also increase the ion current densities. Therefore, the point 
defects in film structure are increased, which increases the compressive residual stress and reduce the 
grain size [8-10]. The variation of hardness with applied dc bias of the TiVCrZrTaN film is due to a 
corresponding increasing number of defects and grain boundary in the films which act as obstacles for 
dislocation motion. 
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Figure 5. Variation of hardness with applied dc bias of the TiVCrZrTaN film.  
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Figure 6. Variation of residual stress with applied dc bias of the TiVCrZrTaN film. 
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4. Conclusions 
Effects of applied dc bias (from 0 V to 120 V) on the microstructure, residual stress, and hardness 
properties of TiVCrZrTaN films were investigated. The columnar structures are observed by FE-SEM. X-
ray diffraction analysis reveals that TiVCrZrTaN films were polycrystalline and have preferred 
orientation along (111) when applied dc bias was below 100 V. The preferred orientation is changed from 
(111) to (200) as applied dc bias was 100 V. The residual stress of all films was compressive stress. The 
average grain size and hardness of the films were investigated as a function of applied dc bias. The 
minimum average grain size and maximum hardness of TiVCrZrTaN film with dc bias 100 V were 6.1 
nm and 30.9 GPa, respectively. It is possible to increase the hardness of nitride of HEASs by reactive RF 
magnetron sputtering for industrial applications. 
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